Traditional irrigation which focuses on yield only without considering the availability of water is not an effective method where there is water scarcity. Deficit irrigation (DI) is an alternative irrigation method which saves water without significantly affecting yield. It has been widely used in various crops. There are range limits in every crop in terms of water limit endurance. Through simulation from various research on DI, this limit can be analyzed and the results made available for others who want to apply DI. The simulation was conducted to analyze the limit point in DI treatment.
INTRODUCTION
Farming activities are reliant on reliable water supply. Construction of wells, dams or other water resources facilities is required. Different areas have different water resource. It will be a serious problem if an area does not have the potential for water extraction and this is particularly the case with the impact of climate change on water scarcity. People are often forced to fulfill all water requirements. In other words, full irrigation is a must. Conventional irrigation systems may struggle to provide adequate water supply in the future.
Generally, the objective of conventional irrigation is to maximize the production per unit area, but due to limited ability in the system, it has been changed to maximize the production per unit of water consumed. In other words, irrigation management aims to save water while maximizing productivity (Fereres and Soriano 2007) . The alternatives are to save water with a new irrigation method or to grow alternative crops which require less water, but which may be less profitable (Payero et al. 2006 ).
Deficit irrigation (DI) aims to minimize water usage with little yield decrease. Past research has indicated that this technology saves water without significantly decreasing yield (Owusu-Sekyere J. D. et al. 2010; Perez-Perez J. G. et al. 2015; Chuanjie Y. 2015; Falagan N. et al. 2015) . It also does not effect significantly the quality of the product (Hussein F. et al. 2011) . Other research casts doubt on the efficacy of the technology in this regard (Khaksar A. M. et al. 2013; Collado-Gonzalez J. 2015) . DI has been associated with reduced growth, delayed maturity, and reduced crop yield (Payero J. O. et al. 2006 ).
Location
The first classification is based on the location where the experiment has taken place (Bejamin J. G. et al. 2015; Payero J. O. et al. 2006; Khaksar A. M. 2013; Hussein F. et al. 2011; Chuanjie Y. et al. 2015; Mao X. et al. 2003; Dadrasan M. et al. 2015; Romero P. et al. 2015; Collado-Gonzalez J. et al. 2015; El-Habbasha S. F. et al. 2015; Owusu-Sekyere J. D. et al. 2010; Ahmad A. 1997; Perez-perez J. G. et al. 2016; Domingo R. and Ruiz-Sanchez M. C. 1996; Kuscu H. et al. 2013; Mansouri-Far C. et al. 2010; Kirda C. et al 2006) and screen house (Alomran A. M. et al. 2013 ).
Based on crop
There are two crop types in this classification. (Chuanjie Y. et al. 2015; Hussein F. et al. 2011) , maize (Kuscu H. et al. 2013; Mansouri-Far C. et al. 2010) , cucumber (Mao X. et al. 2003; Alomran A. M. et al. 2013 ), groundnut (El-Habbasha S. F. et al. 2015 Ahmad A. 1997) , fenugreek (Dadrasan M. et al. 2015) , peanut (Kheira A. A. A. 2009 ). Second, perennial crops: mandarin (Kirdas C. et al. 2006 ), grapevine (Romero P. et al. 2015) , green table olives (Collado-Gonzalez J. et al. 2015) and lemon trees (Perez-Perez J. G. et al. 2016; Domingo R. and Ruiz-Sanchez M. C. 1996) .
Based on water management
In DI experiments, according to their purpose, water management will be different. This classification is divided into two groups. The first group is when plants are irrigated to fulfill the plant water requirement based on the evapotranspiration amount (Chuanjie Y. et al. 2015; Owusu-Sekyere J. D. et al. 2010; Perez-perez J. G. et al. 2016; Domingo R. and Ruiz-Sanchez M. C. 1996; Kirda C. et al. 2006 ). The second is when plants are irrigated through the root zone. Soil water content is controlled in order to fulfill the plant water requirement on field capacity condition (Romero P. et al. 2015; Kuscu H. et al. 2013; Mansouri-Far C. et al. 2010; Kirda C. et al. 2006) 
Based on climate area
Other characteristics that influence DI result are dependent upon climate conditions: arid conditions (Hussein F. et al. 2011; Chuanjie Y. et al. 2015; Alomran A. M. et al. 2013 ); semi-arid (Bejamin J. G. et al. 2015; Payero J. O. et al. 2006; Khaksar A. M. 2013; Dadrasan M. et al. 2015) ; tropical (Ahmad A.. 1997; Owusu-Sekyere J. D. et al. 2010) , Mediterranean (Kirda C. et al. 2006; Perez-perez J. G. et al. 2016) ; and, sub-humid (Kuscu H. et al. 2013 ).
Based on growth stage consideration
Every plant has different growth stage characteristics. These need to be considered when considering DI. There are two type in this classification. First, the whole stage is irrigated with no specific growth stage (El-Habbasha S. F. et al. 2015; Ahmad A. 1997; Domingo R. and Ruiz-Sanchez M. C. 1996) . Second, the specific growth stage is irrigated (Bejamin J. G. et al. 2015) .
Based on watering method
The watering method is one of the variables that influence crop growth. There are three types of watering method:surface irrigation (Bejamin J. G. et al. 2015; Payero J. O. et al. 2006; Khaksar A. M. 2013; Ahmad A. 1997; Domingo R. and Ruiz-Sanchez M. C. 1996; Kirda C. et al. 2006) , sprinkler irrigation (El-Habbasha S. F. et al. 2015) and drip irrigation (Hussein F. et al. 2011; Chuanjie Y. et al. 2015; Alomran A. M. et al. 2013; El-Habbasha S. F. et al. 2015; Kuscu H. et al. 2013 ).
Based on soil type
One of the major variables which determine the success of crops is soil condition. This classification is based on soil type, but because of the limited data, not all soil types are shown here. These are: sandy (El-Habbasha S. 
DEFICIT IRRIGATION EFFECTIVENESS
As an irrigation technology, DI focuses on the efficiency of water use (Khaksar A. M. et al. 2013 ). How long water efficiency can be maintained in DI application is influenced by many aspects, including crop type. There are limits in adding and reducing water on DI; where water treatment is above the maximum irrigation limit (β) the production can't go higher. Conversely, below the minimum irrigation limit (α) the production can't be lower. From various research, β and α have been analyzed.β and α were analyzed through water DI on corn can be controlled through β0.97 and α0.00. Corn yield will start to decrease in three percent water deficient. It comes to zero when there is no irrigation or is 100 percent water deficient. The β and α is 0.99 and 0.06 respectively. The yield will start to decrease when 99 percent of water requirement is applied. There is no yield when 94 percent water deficient is applied. Groundnut has β 0.99. This is the same for cotton in yield decrease point and it will start to decrease when one percent water deficiency is applied. Unfortunately, through this simulation, there is no zero yield, even no irrigation.
Figure 5. Maize (Source: Adapted Kuscu H. et al. 2013) In the case of maize, β is 0.93, it means the yield will start to decrease when water deficient is 7 percent. Even the irrigation is not applied, maize still can produce. 
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Ea/Em β β α α β α β is 97 percent. Cucumber production will start to decrease when 3 percent water deficiency is applied. For α, there is still production even with no water irrigation. Based on the simulation, even when the full water requirement is applied, the yield does not reach the maximum yield, which is 98 percent maximum yield. Furthermore, even with no irrigation, the yield is still producing. The yield will start decrease when the water requirement is reduced to 99 percent. Even when water is 0, red pepper is still producing. Shorgum has the same condition as red pepper and will start to decrease when the water requirement is reduced to 99 percent. With zero percent water requirement, it can still produce.
WATER USE EFFICIENCY (WUE) AND SPECIFIC WATER USE EFFICIENCY (SWUE)
Water use efficiency (WUE) and specific water use efficiency (SWUE) are often used for evaluating the effectiveness of water use. The increase in WUE means that less water is wasted and can be used for spreading the irrigation area.Through β and α, WUE and SWUE can be analyzed. 
CONCLUSION
DI simulations which were developed in this paper were corn, cotton, groundnut, maize, and peanut. Among these crops, the strongest crops under limited water conditions are groundnut and maize; they can still produce even with no irrigation. The weakest crop is hot pepper, with 41 water deficiency, a yield is zero. Even when environmental conditions are different, this simulation can be used as one aspect in the consideration of DI treatment.
